This study describes the feasibility of anaerobic treatment of synthetic coal wastewater using four identical 13.5 L (effective volume) bench scale hybrid up flow anaerobic sludge blanket (HUASB) reactors (R1, R2, R3 and R4) under mesophilic (27 ± 5°C) conditions. Synthetic coal wastewater with an average chemical oxygen demand (COD) of 2240 mg/L and phenolics concentration of 752 mg/L was used as substrate. Effluent recirculation was employed at four different effluent to feed recirculation ratios (R/F) of 0.5, 1.0, 1.5 and 2.0 for 100 days to study the effect of recirculation on the performance of the reactors. Phenolics and COD removal was found to improve with increase in effluent recirculation. An effluent to feed recycle ratio of 1.0 resulted in maximum removal of phenolics and COD. Phenolics and COD removal improved from 88% and 92% to 95% each, respectively. The concentration of volatile fatty acids in the effluent was lower than the influent when effluent to feed recirculation was employed. Effect of shock loading on the reactors revealed that phenolics shock load up to 2.5 times increase in the normal input phenolics concentration in the form of continuous shock load for 4 days did not affect the reactors performance irreversibly.
Introduction
Coal conversion wastewaters are an important source of phenolic compounds to the environment. The organic constituents of coal conversion wastewaters are represented by phenolic compounds such as primarily phenols, methyl phenols and C 2 -phenols (constituting 60-80% of the organic content). These toxic compounds not only resist degradation, but also inhibit the degradation of other constituents of the wastewaters. The successful treatment of coal conversion effluents will require that the major phenolic substrates (phenols, cresols, and dimethyl phenols) should be degraded simultaneously. The remediation of phenolics has traditionally relied on different physical, chemical and biological means. Recovery of phenols is economical at high concentrations by physical processes e.g. Solvent extraction (Earhart et al., 1977) , activated carbon adsorption (Zogorski and Faust, 1977) . At intermediate concentrations, (i.e. phenol concentrations between 5 and 500 mg/L) biological oxidation techniques are feasible. In general physico-chemical processes are employed as pretreatment or post treatment units coupled with biological processes in order to reduce the concentration of phenols to effluent discharge limits (Luthy et al., 1983) . Recent developments have demonstrated anaerobic treatment technology to be efficient in handling toxic industrial wastewaters.
Among the high rate anaerobic technologies, upflow anaerobic sludge blanket (UASB) treatment process has gained prominence in the recent years. Previous reports on the UASB reactors suggested that they could be modified by adding an anaerobic filter (AF) in the upper zone (Kennedy and Guiot, 1986) . In view of enhancing the biomass holding capacity and retention time of a system, two phases namely suspended growth and attached growth is combined to form a hybrid reactor. Diphasic nature in the hybrid reactor overcomes the constraints of UASBR and AF. The filter zone in the hybrid reactor in addition to its physical role for biomass retention has some biological activity in contributing to COD reduction in a zone which is lacking in biomass in a classical UASB reactor (Tilche and Viera, 1991) . Effluent recirculation has been an integral part of the treatment of phenolic wastewaters by UASB process (Fang et al., 1996; Zhou and Fang, 1997; Lay and Cheng, 1998; Fang and Zhou, 2000) . The main objective of the present study was to find out the effect of recirculation of effluent for the treatment of complex phenolic coal wastewater employing hybrid UASB reactor. The paper further discusses the effect of phenolics shock loading on the performance of hybrid reactor fed with coal wastewater.
Methods

Experimental set-up
The reactors were made of transparent acrylic plastic sheet with inner dimensions of 0.1 m · 0.1 m, length of 1.5 m and wall thickness of 6 mm. The reactors were provided with hopper bottom of 0.15 m length and a feed inlet pipe (u = 2.5 cm) diameter to avoid choking during operation. The inlet end opens towards the bottom of the reactor which allows feed to first strike at the bottom and then gets evenly distributed while rising upward in a hopper bottom. Gas liquid solid separator (GLSS) device (80 mm · 80 mm) is placed at the top by assuming 20% of the reactor volume with inclined walls at 50°. Baffles of sufficient overlap were provided below the GLSS in order to avoid the entry of biogas into settling compartment. An outlet pipe (u = 1.5 m) was provided at the top which is connected to the effluent tank. Gas solid separator (GSS) device was of square pyramid with bottom dimensions 80 mm · 80 mm. The reactors were provided with six equidistant sampling ports (u = 2.5 cm) along its height to facilitate sampling. A filter media of height 30.48 cm made of PVC rings (u = 2.54 cm and length 2.54 cm) was provided at the middle of the reactor. About 215 rings were packed in all the four reactors for consistency. The surface area of each ring was 6.28 cm 2 and the total surface area occupied by the packing was 1350.2 cm 2 . The reactors were operated at mesophilic temperature (27 ± 5°C). Influent and recirculation flows were combined before entering the reactor to dilute high strength phenolic wastewater. The former was provided by a peristaltic pump (Watson Marlow 601 s), while the latter was passed through an FMI lab pump to adjust recirculation ratios. The reactors were operated in stages at recirculation to feed ratios of 0.5, 1, 1.5 and 2.0 for 100 days corresponding to hydraulic loading rates (superficial upflow velocity) of 0.9, 0.67, 0.39 and 0.33 m/d.
Inoculum
A mixture of anaerobic digester sludge (3 L) and partially granulated sludge (l L) was used as the inocula for continuous studies. Granular sludge was obtained from a UASB reactor which was treating distillery wastewater acclimated to phenolic compounds for eight months (o-, m-and p-cresols) (Gupta et al., 2007) . Digester sludge was obtained from M/S Mahananda Diary Works, Goregaon, Mumbai. Three liters of digester sludge containing 72.6 g of total solids and one liter of granular sludge containing 62.1 g of total solids was mixed and added to the reactor, making the total solids content of the reactor to 134.7 g. The total suspended and volatile suspended solids added to the reactor were 130 g/L and 80 g/L, respectively. Characteristics of the sludge are presented in Table 1 .
Wastewater characteristics
The composition of full strength synthetic coal wastewater employed in the present study with their constituent concentration expressed in (mg/L) is as follows: phenolics (7519), ammonium chloride (280), calcium chloride (100), dipotassium hydrogen orthophosphate (250), magnesium sulphate (100), iron sulphate (20), sodium bicarbonate (1000), and Yeast extract (100). The characteristics of the synthetic coal wastewater with their constituent concentrations expressed in (mg/L) is as follows: organic carbon (7519), COD (21,100), phenolics (7519), total Kjedahl nitrogen (267), nitrite nitrogen (0.2), nitrate nitrogen (0.8), ammonia nitrogen (6.4), total cyanide (0.21), total phosphorus (5) and pH 7.4. The full strength synthetic wastewater contained the following phenolic compounds with their constituents expressed in (mg/L): phenol (4900); o-cresol (586); m-cresol (1230); p-cresol (420); 2,4-dimethyl phenol (63); 2,5-dimethyl phenol (63); 3,4-dimethyl phenol (44) and 3,5-dimethyl phenol (213) as major phenolic compounds (Fedorak and Hrudey, 1984) . Volatile fatty acids in the synthetic wastewater were represented in (mg/L) as follows: acetic acid (28.0); propionic acid (16.0); butyric acid (5.0) and valeric acid (3.5), respectively. About 10% of the full strength synthetic coal waste- 
Reactor operation
Operation of the reactor began with the synthetic phe- Table 2 . The performance of the reactors was monitored under four phenolics shock loadings of 1128, 1504, 1880 and 3008 mg/L/d. The shock loadings were continuously given for 4 days by increasing the influent phenolics concentration to 1128, 1504, 1880 and 3008 mg/L respectively. After 4 days the normal phenolics loading of 752 mg/L/d was resumed and the reactors were allowed to recover fully from the effect of shock before administrating the next shock load.
Analytical methods
The analytical procedures for all tests were as outlined in the Standard Methods for the Examination of Water and Wastewater (APHA, 2000) . Biogas production was measured using water displacement method while the methane content of the biogas was quantified with the gas chromatograph with a flame ionization detector. Column, injector and detector temperatures were maintained at 250, 250 and 250°C, respectively. Helium was employed as a carrier gas at a flow rate of 40 ml/min. Phenolic compounds were determined by gas chromatograph (Agilent Model: 6890 No. G1530, USA) according to the procedure given by Fang et al. (1996) . Volatile fatty acids (VFA) in the effluent were measured by the procedure outlined by Anushuya and Gupta (2006) . During phase I (days 451-476), the effluent COD and phenolics concentration remained at 336 mg/L and 75.2 mg/L, respectively (Table 3) . COD removal efficiency remained at 85% and the phenolics removal efficiency during this period was 90% (Figs. 1a and 1b). The alkalinity and volatile fatty acid concentration remained at 1200 mg/L and 30 mg/L, respectively (Fig. 1c) . Methane yield was 0.3 m 3 /kg COD rem (Fig. 1d) . During phase II (days 477-502), the effluent COD and phenolics concentration were 179.2 mg/L and 90.2 mg/L, respectively (Table 3) . During this period, the phenolics and COD removal efficiency increased to 88% and 92% (Figs. 1b and 1a) . The alkalinity and volatile fatty acid concentration remained at 1280 mg/L and 25 mg/L, respectively (Fig. 1c) . Methane yield was 0.31 m 3 /kg COD rem (Fig. 1d) .
During phase III (days 503-524), the effluent COD and phenolics concentration remained at 201.6 mg/L and 105.28 mg/L, respectively (Table 3) . Phenolics removal efficiency decreased to 86%, while the COD removal efficiency remained at 91% (Figs. 1b and 1a) . The alkalinity and volatile fatty acid concentration increased to 1300 mg/L and 40 mg/L, respectively (Fig. 1c) . Methane yield was 0.32 m 3 /kg COD rem (Fig. 1d ). During phase IV (days 525-550), the effluent COD and phenolics concentration were 358.4 mg/L and 135.36 mg/L (Table 3) . During this period, the phenolics and COD removal decreased and reached 82% and 84% (Figs. 1b  and 1a) . The alkalinity and volatile fatty acid concentration remained at 1150 mg/L and 55 mg/L, respectively (Fig. 1c) . Methane yield during this phase was 0.28 m 3 /Kg COD rem (Fig. 1d) . Decrease in methane yield during this phase can be attributed to the increase in the concentration of volatile fatty acids in the reactor.
During phase V (days 551-570), recirculation of the effluent was started. The COD removal efficiency increased from 84% to 88% from phase IV to phase V (Fig. 1a) at R/ F ratio of 0.5. COD removal efficiency increased from 85% during phase I without recirculation (phase I) to 88% with recirculation (phase V) for the same HRT of 0.66 d. The analysis of variance showed that there was a significant difference (a = 0.05) for COD removal efficiency with recirculation (phase V) and without recirculation (phase I) for the same HRT of 0.66 d since the obtained F value (4.5) is greater than F crit (2.5) and P value (0.018) is less than a (Table 5) . However, as seen in Fig. 1a , the drop in COD removal gradually stabilized as recirculation rate increased. Phenolics removal increased from 82% to 92% from phase IV to phase V (Fig. 1b) . The phenolics removal increased to 92% (phase VI),under the influence of recirculation from 90% during phase I without recirculation, operated at the same HRT (Fig. 1b) . The analysis of variance showed that there was a significant difference (a = 0.05) for phenolics removal efficiency with recirculation (phase V) and without recirculation (phase I) for the same HRT of 0.66 d, since the obtained F value (3.15) is greater than F crit (2.45) and P value (0.015) is less than a (Table 6 ). The alkalinity and volatile fatty acid concentration in the effluent reached 1250 mg/L and 25 mg/L, respectively, at the end of this phase (Table 4) .
During phase VI (days 571-601), the recycle to feed ratio was increased by 50% (corresponding to recycle to feed ratio of 1.0), while HRT was reduced at 0.5 d. For this period COD removal efficiency increased from 88% to 95% from phase V to phase VI. COD removal efficiency increased from 92% during phase II without recirculation to 95% with recirculation (phase VI) for the same HRT of 0.5 d (Fig. 1a) . The analysis of variance showed that there was a significant difference (a = 0.05) for COD removal efficiency with recirculation (phase VI) and without recirculation (phase II) for the same HRT of 0.5 d, since the obtained F value (6.8) is greater than F crit (2.42) and P value (0.025) is less than a (Table 5 , line 2). Phenolics removal efficiency increased from 92% to 95% from phase V to phase VI. The phenolics removal increased to 95% (phase VI), under the influence of recirculation from 88% during phase II without recirculation, operated at the same HRT (Fig. 1b) . The analysis of variance showed that there was a significant difference (a = 0.05) for phenolics removal efficiency with recirculation (phase II) and without recirculation (phase VI) for the same HRT of 0.5 d, since the obtained F value (3.55) is greater than F crit (2.48) and P value (0.018) is less than a (Table 6 ). The average effluent volatile fatty acid concentration decreased and remained at 15 mg/ L and the alkalinity increased and reached 1300 mg/L (Table 4) at the end of this phase. During phase VII (days 602-625), the recycle to feed ratio was increased by 50% (corresponding to recycle to feed ratio of 1.5), while HRT was reduced at 0.39 d. For this period COD removal efficiency decreased from 95% to 93% from phase VI to phase VII. COD removal efficiency increased from 91% during phase III without recirculation to 93% with recirculation (phase VI) for the same HRT of 0.39 d (Fig. 1a) . The analysis of variance showed that there was a significant difference (a = 0.05) for COD removal efficiency with decrease of HRT from 0.5 d to 0.39 d, since the obtained F value (11.2) is greater than F crit (2.46) and P value (0.012) is less than a (Table 5) . Phenolics removal efficiency declined from 95% to 88% from phase VI to phase VII (Fig. 1 b) due to increase in the concentration of volatile fatty acids in the reactor. The phenolics removal increased to 88% (phase VII), under the influence of recirculation from 86% during phase III without recirculation, operated at the same HRT. The analysis of variance showed that there was significant difference (a = 0.05) for phenolics removal efficiency with decrease of HRT from 0.5 d to 0.39 d, since the obtained F value (5.85) is greater than F crit (2.41) and P value (0.033) is less than a (Table 6 ). The average effluent volatile Subscripts i and e refer to influent and effluent. fatty acid concentration increased and reached 35 mg/L, while the alkalinity levels increased and reached 1350 mg/ L (Table 4) at the end of this phase. During phase VIII (days 626-651), the recirculation ratio flow rate was increased by 50% (corresponding to recycle: feed ratio of 2.0), while HRT was reduced at 0.33 d. For this period COD removal efficiency decreased from 93% to 86% from phase VII to phase VIII. COD removal efficiency increased from 84% during phase IV without recirculation to 86% with recirculation (phase VIII) for the same HRT of 0.33 d (Fig. 1a) . The analysis of variance showed that there was a significant difference (a = 0.05) for COD removal efficiency with decrease of HRT from 0.39 d to 0.33 d, since the obtained F value (15.2) is greater than F crit (2.48) and P value (0.032) is less than a (Table 5) . Phenolics removal efficiency declined from 88% to 85% due to the increase in toxic phenolics concentration in the reactor associated with the increase in VFA concentration in the reactor. However, effluent recirculation increased the phenolics removal to 85% (phase VIII), from 82% during phase IV without recirculation operated at the same HRT. The analysis of variance showed that there was a significant difference (a = 0.05) for phenolics removal efficiency with decrease of HRT from 0.39 d to 0.33 d, since obtained F a value (9.25) is greater than the F bcrit value (2.52) and P value (0.022) is less than a (Table 6 ). The average effluent volatile fatty acid concentration increased and reached 50 mg/L (Table 4) , while the alkalinity levels decreased to 1200 mg/L (Table  4) at the end of this phase.
From the results of the above study, it can be seen that recycle to feed ratio of 1.0 corresponding to a HRT of 0.5 d could lead to maximum removal of phenolics and COD. It should be pointed out that the recirculation increases the upflow velocity and improves mixing conditions, which therefore has induced an increase in removal efficiency of phenolics and COD.
An increase in the value of effluent alkalinity was observed when recirculation is imposed. At first its value rose from 1200 mg/L (without recirculation and HRT of 0.66 d) to 1250 mg/L (with recirculation/feed ratio of 0.5 and the same HRT), which corresponded to a 4% gain. However, after the HRT reduced to 0.5 d, the average effluent alkalinity increased to 1280 mg/L without recirculation and there was 1.5% increase in alkalinity (corresponding to 1300 mg/L) when recirculation was imposed at an effluent to feed ratio of 1.0 at the same HRT. Upon further decline in HRT a gain of alkalinity of 3.7% and 4.1% was attained with increase in recirculation, at recirculation to feed ratios of 1.5 and 2.0 at HRT's of 0.39 d and 0.33 d, respectively. If the whole period of monitoring is considered with and without recirculation, the increase in average effluent alkalinity with recirculation was 4% and 1.5% at 0.66 and 0.5 d HRT's, respectively. Effluent recycle does not reduce the alkalinity required for neutralization of carbonic acid, but it does dilute the incoming COD, thus reducing the maximum potential VFA excursion and supplying inherent alkalinity (Speece, 1996) .
Another aspect that needs to be considered in the treatment of phenolic wastewaters is the change in solid retention time. During phase I at HRT 0.66 d without recycle, the SRT was 64 days, which reduced to 58 days during phase V at the same HRT with recycle, showing a 9.3% decrease in SRT. This was probably due to an increase in the upflow velocity (50%). The decrease in HRT from 0.66 d to 0.5 d (24%) resulted in a SRT decrease close to 18.75% probably due to an increase in upflow velocity. Similarly during phase II at a HRT of 0.5 d without recycle, the SRT was 52 days, which got reduced to 45 days during phase V, at the same HRT with recycle, showing a 13% decrease in SRT. During phases III and IV, the SRT was 48 and 42 days at HRT's of 0.5 d and 0.33 d without recirculation and it decreased to 40 and 35 days at phases VII and VIII when recirculation was imposed at effluent to feed ratios of 1.5 and 2.0, respectively, showing a decline of 16.66%. Similar behaviour was reported by Buzzini and Pires (2007) , when they employed partial recirculation for the treatment of wastewaters from pulp and paper plants.
Recirculation of effluent increased the phenolics removal by 2% (86-88%) and 3% points (82-85%) at effluent to feed recirculation ratios of 1.5 and 2.0, respectively. From the results of the study, it could be observed that recirculation of the effluent caused an improvement in phenolics removal, and helped in improving the performance of the reactors. It should be noted that recirculation increases the upflow velocity and improves mixing conditions, which should induce an increase in removal efficiency of the toxic phenolics. With phenolic wastewater used in this work and under operational conditions employed in the present study, the recirculation of effluent caused the average COD removal efficiency to improve from 85% to 88% for a HRT equal to 0.66 d. Partial recirculation of the effluent has improved the mixing between the substrate and microorganisms. This is a clear indication that with phenolic wastewaters mass transfer may not be a limiting factor and the toxicity of phenolic wastewaters could be reduced by effluent recirculation.
The effluent alkalinity was always higher than the influent, even though the loading rate increased, which indicated that anaerobic metabolism produces alkalinity. When recirculation was imposed, the average effluent alkalinity showed an increase. The concentration of volatile acids in the effluent was lower than the influent at all situations except at phase IV. At this phase, effluent VFA was higher (55 mg/L) compared to the influent (52.5 mg/L) ( Table 3 , line 10).
Effluent recirculation helps to maintain the concentration of phenolic compounds within an appropriate range (Hwang and Cheng, 1991a) . In the present study, effluent recirculation has improved the removal of phenolic compounds at different effluent to feed recycling ratios. Maximum phenolics and COD removal (95%) could be attained at an effluent to feed recirculation ratio of 1.0 at a HRT of 0.5 d. With recirculation at R/F ratio of 1.0, phenolics removal efficiency increased to 95% from 88% without recirculation at the same HRT (0.5 d). At a recirculation ratio of 1.0, COD removal also increased to 95% from 92% without recirculation at the same HRT (0.5 d). Similar results were reported by Fang et al. (2004) during the treatment of phenolic wastewater employing effluent recirculation at a HRT of 0.5 d and effluent to feed recycle ratio of 1.0. The average effluent volatile fatty acids decreased from 25 mg/L to 15 mg/L. The average methane content of the biogas also improved by 14% compared to the yield before recirculation at the same HRT. Methane production ranged between 0.28 and 0.34 L-CH 4 /g COD rem during different phases of the study. Theoretical methane production for the degradation of phenolic mixture was 0.38 L-CH 4 /g COD rem . Hence methane production during different phases was lesser than the theoretical methane production. In a similar study, Hwang and Cheng (1991b) found that degradation of catechol (1000 mg/L) without glucose was more feasible in a re-circulated UASB than the once-through UASB system. Similarly Chang et al. (1995) , employed effluent recirculation to treat phenolic wastewater from steel industry at phenol concentration of 400 mg/L. With effluent recirculation, an optimum removal efficiency of 90% and 80% for phenol and COD could be achieved.
Treatment of coal wastewater containing complex phenolic mixture used in this research improved with recirculation of effluent. There was an improvement in the removal efficiency of all the constituent compounds of the phenolic mixture at different recirculation ratios employed. The present study revealed that coal wastewater can be effectively treated at a phenolic loading rate of 752 mg/L-d corresponding to an organic loading rate of 2240 mg/L-d at HRT's ranging between 0.66 d and 0.33 d under the influence of effluent recirculation. The effluent alkalinity was always higher than the influent one, even though the HRT was reduced, which indicated that the anaerobic metabolism produced alkalinity. When the recirculation was imposed, the average effluent alkalinity showed an increase. The concentration of volatile fatty acids in the effluent was lower than the influent concentrations at all recirculation ratios.
Effect of shock loading on the performance of the reactors
Variation in the concentration of phenolics and COD and in the effluents from the reactors at different phenolic shock loadings is shown in Fig. 2 . During the first shock loading (1128 mg/L for 4 days), there was no effect of the shock on phenolics and COD removal. However, during the shock loading, phenolics concentration in effluent increased to 10 mg/L, as shown in Fig. 2 . On resuming the normal phenolics loading (752 mg/L d), it took about 3 days for phenolics concentration in effluent to go down to its normal level. During the second shock (1504 mg/L for 4 days) period percentage removal of phenolics and COD were observed as 97.6% and 96%, respectively. It took about 4 days to stabilize the reactor performance after resumption of normal phenolics loading. Under third shock load, corresponding to 1880 mg/L of phenolic mixture in the feed, percentage removals of phenolics and COD were observed as 95% and 94.2%, respectively. Upon the administration of fourth shock load (3008 mg/L of phenolics), the phenolics and COD concentration in the effluent reached 525 mg/L and 1100 mg/L, respectively (Fig. 2) . Once the shock loadings were stopped and normal phenolics loading was resumed, the reactor took almost 10 days to come back to normal performance level. The analysis of variance showed that there was a significant difference (a = 0.05) of the shock loadings on the effluent concentration of phenolics (Table 7) . It could be observed from Table 7 that F a (5.73) values were greater than F bcrit (2.15) and P c values (0.005) were lesser than a for all the phenolic compounds which could reveal that there was a significant difference of the shock loadings on the effluent phenolics concentration.
The present study showed that up to 2.5 times increase in the normal input phenolics concentration in the form of continuous shock loading for 4 days did not affect the reactors performance irreversibly. In the case of all studied shock loadings, the performance of the reactors started improving during the shock loading period itself, except for 3008 mg/L d shock load of complex phenolic mixture. In fact, the performance of the reactors were worst on the last day of the shock loading period, which suggests that prolonged shock of 3008 mg/L d can severely hamper the reactor performance.
The present study showed that the acclimated granular sludge in the reactors had enough potential against shock loading up to 1880 mg/L d, i.e., a 2.5 times of normal phenolics loading (752 mg/L d), and were able to handle it continuously for 4 days. Effluent COD concentration increased with the increase in shock loading.
Conclusions
Based on the results of this study, following conclusions can be drawn (1) From the results of the above study, it can be seen that recycle to feed ratio of 1.0 corresponding to a HRT of 0.5 d could lead to maximum removal of phenolics and COD. Maximum phenolics and COD removal (95%) could be attained at an effluent to feed recirculation ratio of 1.0 at a HRT of 0.5 d. With recirculation at R/F ratio of 1.0, phenolics removal efficiency increased to 95% from 88% without recirculation at the same HRT (0.5 d). At a recirculation ratio of 1.0, COD removal also increased to 95% from 92% without recirculation at the same HRT (0.5 d). (2) A clear increase in alkalinity was observed on imposing recirculation. The increase in average effluent alkalinity with recirculation was 4% and 1.5% at 0.66 and 0.5 d HRT's, respectively. The alkalinity increased to 3.7% and 4.1% with the increase in recirculation and further decrease in HRT at R/F ratios of 1.5 and 2.0 at HRT's of 0.39 d and 0.33 d, respectively. (3) The concentration of volatile acids in the effluent (15-50 mg/L) was lower than the influent concentrations (52.5 mg/L) at all recirculation ratios. (4) The study showed that up to 2.5 times increase in the normal input phenolics concentration in the form of continuous shock loading for 4 days did not affect the reactors performance irreversibly. (5) In all the studied shock loadings, the performance of the reactors showed improvement during the shock loading period itself, except for 3008 mg/L/d shock load of complex phenolic mixture. In fact, the performance of the reactors were worst on the last day of the shock loading period, which suggests that prolonged shock of 3008 mg/L/d can severely hamper the reactor performance. 
